Study objectives -To analyse the relation between the longitudinal development of total serum cholesterol (TC), high density lipoprotein cholesterol (HDL), and the TCI HDL ratio and the longitudinal development of the biological parameters body fatness (SSF), lean body mass (LBM), and cardiopulmonary fitness (V02-max). The relations were analysed with generalised estimating equations (GEE). Setting -The relations were investigated with data from the Amsterdam growth and health study, a longitudinal study in which six measurements were carried out within a period of 15 years. Participants -Altogether 98 females and 84 males aged 13 years at the start of the study.
Main results -Adjusted for lifestyle and other biological parameters, the longitudinal development ofTC was inversely related to the development ofLBM (standardised regression coefficient ,l =-0.27; p < 0.01) and positively to SSF (p, = 0.32; p<0.01 and pfema1es=-=.15; p<0.01). HDL was inversely related to LBM (p = -0.26; p<0.01) and positively to VO2-max (P= 0.08; p < 0.05). The TC/HDL ratio was positively related to SSF (P,aes = 0.39; p < 0.01 and pfemies = 0.13; p < 0.01) and inversely to V02-max (p = -0.09; p < 0.05).
Conclusions -The longitudinal analyses showed that body fatness was related to a high risk profile with respect to hypercholesterolaemia, and cardiopulmonary fitness to a low risk profile. Furthermore, it was shown that using body mass index as an indicator of body fatness in relation to lipoprotein values, has some important drawbacks.
(J Epidemiol Community Health 1996;50:505-51 1) Because it is well known that the origin of atherosclerosis lies in early childhood,' it is important to start prevention of atherosclerosis as soon in life as possible. Therefore risk factors regarding atherosclerosis, such as hypercholesterolaemia, obesity, and hypertension have to be identified at a young age. Early identification is only useful, however, if the predictability of early measurements of these risk factors for values later in life (ie, tracking analysis) has been assessed. If some degree of tracking is observed then one has to investigate which parameters influence the longitudinal development of these risk factors. In preventive strategies these influencing factors can than be manipulated in order to prevent the development of atherosclerosis later in life.
One of the most important risk factors for atherosclerosis is hypercholesterolaemia ( The results of the observational studies have limitations, however, because measurements at only two points in time are used in the analysis. In these studies the relation between changes in lipoprotein levels and changes in biological parameters, where change is defined as the difference between two measurements, is investigated. In this paper the relation between lipoprotein concentrations and relevant biological parameters is investigated longitudinally, not using two points in time but all the available longitudinal data. The data are derived from the Amsterdam growth and health study, which includes six longitudinal measurements between 13 and 27 years of age.
A comparison is made between univariate analyses, in which the influences of the biological parameters are investigated separately, and multivariate analyses in which the relation between the development of the lipoprotein concentrations and biological parameters is investigated correcting for relevant lifestyle parameters.
Methods

STUDY POPULATION
The Amsterdam growth and health study is a longitudinal study which started in 1977 with 307 subjects (148 males and 159 females) from the first and second forms of a secondary school in Amsterdam. At the start of the study the mean (SD) age of both the boys and the girls was 13 The parameters of the model were estimated with generalised estimating equations (GEE).39
In the presented study three statistical analyses were carried out:
(1) A "univariate" analysis, in which the longitudinal developments of TC, HDL, and the TC/HDL ratio were related to the development of each of the biological parameters separately, correcting only for gender, time, and biological age, In the univariate analysis all relations were significant except for the relation between LBM and the TC/HDL ratio. Correcting for the other biological parameters (the first multivariate analysis) and correcting for the lifestyle parameters (the second multivariate analysis) made some of these relations -the inverse relation between V02-max and TC and the inverse relation between SSF and HDL -disappear. The results of the final multivariate analysis showed that LBM was inversely related to both TC and HDL. SSF was positively related to TC and the TC/HDL ratio. Both relations were stronger for males than for females. V02-max was positively related to HDL and negatively to the TC/HDL ratio. With regard to TC, a positive interaction (p <0.05) was found between SSF and time and between LBM and time, indicating that the relation with SSF was stronger at the end of the longitudinal period and the relation with LBM was stronger at the beginning of the longitudinal period. With regard to the TC/HDL ratio, there was a strong negative interaction (p < 0.01 ) between V02-max and time, also indicating a stronger relation at the end of the longitudinal period. Because BMI is most frequently used as a indicator for body fatness, the longitudinal relation between BMI and the lipoproteins was also analysed. The correlation matrix between SSF, LBM, and BMI (table 4) showed that BMI was closely related to both SSF and LBM. Therefore in the multivariate analyses only a correction for V02-max was made. The results showed that the development of BMI was positively related to the development of TC, negatively to the development of HDL, and positively to the development of the TC/HDL ratio in both univariate and multivariate analyses (table 5). In the relationship with TC, a strong positive interaction with time was found (p<O.Ol). Body fatness, operationalised as SSF, was highly positively related to TC and the TC/ HDL ratio. This relation was stronger for females than for males. The positive interaction between SSF and time regarding the relation with TC indicates that the relation between SSF and TC is stronger at the end of the longitudinal period than during adolescence.
Most studies investigating the relation between body fatness and lipoprotein values during adolescence and young adulthood have used BMI rather than SSF as an indicator of body fatness. In cross sectional studies, BMI was found to be positively associated with TC, inversely with HDL, and positively with the TC/HDL ratio in both males and females,7 [16] [17] [18] [19] which is comparable to our results. In the study of Gamn et allo body fatness was, as in our study, quantified as SSF. They found a positive relation between skinfold thickness and TC among boys and girls from 15 to 19 years old. Kikuchi et al°used subscapular skinfold thickness as indicator for body fatness and they found a negative relation between skinfold thickness and HDL.
There are only a few longitudinal studies investigating the relation between a change in body fatness and a change in lipoprotein levels during adolescence and young adulthood. In the Bogalusa heart study,9 a positive relation between a change in body fatness (body fatness quantified as triceps skinfold thickness) and a change in TC was found for boys, but not for girls. In addition to that a negative relation between a change in body fatness and a change in HDL was also found. The relation was investigated over a period of five years, with subjects aged between 5 and 12 years at the beginning of the study. In the Muscatine study," a change in body fatness (body fatness operationalised as BMI) over a period of 10 years was significantly related to TC in boys and girls with an initial age from 8 to 18 years. The relation between body fatness and TC probably results from an increased flow of free fatty acids to the liver, which is followed by an increased production of very low density lipoprotein, ie, higher values of TC.4" Thus, positive relations between body fatness and TC and the TC/HDL ratio have been found in both cross sectional and longitudinal studies, which is equivalent to our results. In most studies, however, a negative relation between body fatness relation with LBM in our study.
As mentioned before, in most studies body fatness is quantified as BMI. BMI, however, not only reflects body fatness, but also LBM. This is shown in the correlation matrix between the SSF, LBM, and BMI at each of the six longitudinal measurements (table 4) . From the correlation matrix along with the results of the longitudinal relations it can be concluded that the inverse relation between BMI and HDL probably reflects the relation between LBM and HDL, rather than the relation between body fatness (ie, SSF) and HDL, which is often suggested. The reason why LBM was inversely related to TC and HDL is not clear. Perhaps it has something to do with low plasma glucose and insulin concentrations, both of which are not only related to high LBM, but also to lower TC values. 24 Cardiopulmonary fitness, represented in our study by V02-max, was positively related to HDL and negatively to the TC/HDL ratio. This indicates that a higher V02-max is related to a lower risk profile in terms of hypercholesterolaemia. There are many studies investigating the relation between lipoprotein levels and physical fitness. The results, however, are controversial. Dwyer et al2 studied children of 9, 12, and 15 years of age in the Australian schools health and fitness survey. They used the physical work capacity on a bicycle ergometer at a heart rate of 170 beats per minute (PWC170) as the indicator for cardiopulmonary fitness and they did not find a cross sectional relation between fitness and TC and between fitness and HDL. Sallis et al'2 and Armstrong et al,'5 however, did find a cross sectional relation in the same age groups between cardiopulmonary fitness (defined as VO,-max) and TC, HDL, and the TC/HDL ratio. But when they corrected their results for body fatness, the relationships disappeared.
Hofman and Walter'3 investigated the relation between physical fitness and lipoprotein levels longitudinally over a period of five years in boys and girls. The initial age of the boys and girls was 9, and fitness was defined as a heart rate recovery index after a step test. They found a relation between the change in fitness and the change in HDL for boys, but not for girls. Dwyer et al,8 on the other hand, did not find a relation between a change in fitness (determined as running time on a treadmill) and a change in HDL and the TC/HDL ratio among men aged 21 years over a period of nine weeks.
The differences in our results compared with others are partly due to the fact that in most studies the relation is investigated without correction for any lifestyle parameter. Only in the study of Dwyer et at was the relation investigated longitudinally, correcting for both lifestyle parameters and body fatness. However, these authors studied the relation over a time period of nine weeks, which is very short.
The fact that subjects with high cardiopulmonary fitness showed higher HDL levels (and therefore lower values of the TC/HDL ratio) is probably caused by an increased activity of lipoprotein lipase (LPL) and lecithin: cholesterol acyltransferase (LCAT). Both activities are increased by high levels of cardiopulmonary work and both are known to increase the concentration of HDL.424' This effect is irrespective ofthe effect ofbody fatness, because the amount of body fatness is not associated with LPL activity. 42 In this study a comparison was made between univariate analyses, in which each of the biological parameters was analysed separately correcting for time, gender, and biological age, and multivariate analyses in which the biological parameters were analysed correcting for each other and correcting for lifestyle parameters. The most striking result of this comparison was the fact that in a multivariate analysis body fatness (ie, SSF) was not related to HDL, which was the case in the univariate analysis and which was also reported in many other studies.
In addition to the comparison between univariate and multivariate analyses, the impact of the control for lifestyle parameters could also be assessed. Comparison of the two multivariate analyses revealed that the influence of the adjustment for lifestyle parameters is only obvious in the longitudinal relation between V02-max and HDL and the TC/HDL ratio. With correction for lifestyle parameters the standardised regression coefficient for VO2-max in relation to HDL was 0.09, and in relation to the TC/HDL ratio it was 0.08. Without adjustment, these coefficients were both 0. 11. So without the adjustment for lifestyle parameters the coefficients for V02-max were overestimated more than 20%. The fact that all other standardised regression coefficients were not or only slightly influenced by the adjustment for lifestyle parameters indicates that the correction for other biological parameters is more important then the correction for lifestyle parameters.
Although this study is quite complete with regard to the inclusion of both biological and lifestyle parameters, there are also potential confounding parameters which were not taken into account. Parameters like the use of oral contraceptives, pregnancy, and breastfeeding are parameters which could be related to body fatness as well as to the lipoprotein levels. Perhaps the lack of controlling for these gender specific parameters helps to explain the relatively low regression coefficients found for females compared with males in terms of the longitudinal relation between SSF and TC and the TC/HDL ratio.
CONCLUSIONS
From 13 to 27 years of age, body fatness was positively related to TC and the TC/HDL ratio. Thus, body fatness is related to a high risk profile with regard to hypercholesterolaemia. No relations were found between body fatness (ie, SSF) and HDL, which contradicts published findings. The unexpected results probably arose because of lack of correcting for confounding variables in most studies and the use of BMI as indicator for body fatness. BMI not only reflects body fatness, but also LBM, which was found to be inversely related to HDL. Cardiopulmonary fitness was related to a positive risk profile in respect of hypercholesterolaemia, as indicated by the positive longitudinal relation between VO2-max and HDL and the inverse relation with the TG/ HDL ratio. V02-max was not related to TC. In the longitudinal relation between lipoprotein levels and biological parameters, the adjustment for other biological parameters seemed to be more important than the correction for lifestyle parameters.
Appendix
To analyse the longitudinal relations the following statistical model was used: The estimated Blj's reflect the relation between the longitudinal development of TC, HDL, or the TC/HDL ratio and the development of the corresponding biological parameter, with the development measured over a period of 15 years using all available longitudinal data at the six time points. With GEE analysis a pooled analysis of cross sectional and longitudinal relations is carried out. This means that the standardised regression coefficient P combines the within subjects (ie, longitudinal) effects with the between subjects (ie, cross sectional) effects into one coefficient.
Because the repeated observations within one subject are not independent of each other, in GEE analysis, a correction is made for the within subject correlations. This correction is carried out by assuming a priori a certain correlation structure for the repeated measurements of the dependent variable (ie, the lipoprotein measurements). First of all, an independent structure can be considered. In this structure all within subject correlations are assumed to be zero. However, the within subject correlations in the data set under consideration are far from zero. The lowest Pearson correlation coefficient between two longitudinal measurements for TC, for instance, is around 0.5. Secondly, an exchangeable correlation structure can be considered. In this structure all correlations are assumed to be equal, irrespective of the time period under consideration. In addition, this structure is not suitable for the data set of the Amsterdam growth and health study. This is because the total time period under consideration is quite long. For instance for TC, the Pearson correlation coefficients between two longitudinal measurements vary between 0.5 and 0.8. The third possible structure is a stationary m-dependent structure, which means that correlations k measurements apart are the same for k = 1,. .,m, while the within subject correlations between measurements more than m occasions apart -are assumed to be zero. Because of the high values of the within subject correlations and the fact that the within subject correlations vary between the different interperiods, a 5-dependent correlation structure is assumed to be the best estimate of the "real" correlation structure for TC, HDL, as well as the TC/ HDL ratio. Therefore all GEE analyses are carried out with this a priori assumed correlation structure.
